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ARSTRACT 


Coarctation  of  the  aorta  is  a  congenital  narrov/ing  or  complete 
obstruction  of  the  thoracic  aorta »  Associated  vjith  this  condition 
is  a  generalized  hTpertension,  Tvro  conflicting  theories  have  been 
advanced  as  to  the  pathogenesis  of  the  hypertension »  The  first 
theory  is  that  the  h;^'pertension  is  mechanical  in  origin_,  the  high 
blood  pressure  being  due  to  the  resistance  to  blood  flovr  produced 
by  the  aortic  stenosis.  The  second  theory  is  that  the  hyper¬ 
tension  is  of  renal  origin,  the  increased  blood  pressure  being 
produced  by  some  alteration  in  renal  hemodynajnicsa 

We  have  attempted  to  demonstrate  that  the  hypertension  is 
of  renal  origin^  Coarctation  of  the  aorta  was  produced  in  a 
series  of  dogs  and  following  the  procedure  the  animals  became 
hypertensive » 

One  of  the  dog’s  kidneys  was  then  transplanted  to  the  neck 
and  then  the  remaining  kidney  was  removed  so  that  all  functioning 
renal  tissue  was  proximal  to  the  site  of  coarctationo  Following 
this  procedure  there  was  a  prompt  return  of  the  blood  pressure  to 
normal  or  sub-normal  values  in  all  ten  of  the  complete  experiments, 
VJe  believe  that  we  have  thus  indicated  that  the  kidney  plays 
a  role  in  the  hypertension  associated  with  Coarctation  of  the 


Aorta 
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INTRODUCTION 


Coarctation  of  the  aorta  is  a  congenital  condition^  character¬ 
ized  by  stenosis  or  complete  occlusion  of  the  aorta_,  generalized 
hypertension^  and  a  marked  reduction  in  life  expectancy  due  to  its 
complications,  Tv.ro  conflicting  theories  have  been  advanced  to 
explain  the  hypertension  in  this  condition.  The  most  obvious^ 
which  was  widely  accepted  until  the  past  decade^  was  that  it 
was  mechanical  in  origin^  the  h^p)ertensicn  being  due  to  resist¬ 
ance  to  blood  flovr  through  the  aortic  stenosis. 

The  second  theory  is  that  the  stenosis  reduces  renal  arterial 
flow^  \\rith  the  resultant  release  of  renal  pressor  substances.  Our 
res^olts  in  this  experiment  lend  support  to  this  theor^^. 

The  kidney  was  first  implicated  as  a  possible  cause  of 
h;^p}ertension  in  1827,  vrhen  Richard  Bright  (l)  associated  evi¬ 
dence  of  renal  damage  Td.th  cardiac  hj’pertrophy.  In  the  absence 
cf  valvular  disease  of  the  heart  he  presumed  correctly  that  the 
cardiac  h;'p;ertrophy  was  due  to  hj^Dertension.  Tiger stedt  and 
Bergmann  (2)  in  1898  demonstrated  that  the  kidney  produced  a 
pressor  substance  which  they  called  renin »  bIhen  in  1939 
Goldblatt  (3)  showed  that  renal  artery  compression  in  dogs 
produced  hjrpertension,  the  possibility  of  a  renal  mechanism 
in  coarctation  of  the  aorta  was  seriously  considered. 

Until  Steele  (4)  used  intra-arterial  methods  to  measure 
pressures  in  clinical  cases  of  coarctation,  it  was  thought  that 


■  'Fa  '  '  .  ; 

-  :  •:  ;;  ' j]  J' : .N /' 0 u  cji  o Ja 'lo  ‘ 

^  . /•  ir  i  ■. so  =10  , 

■  J-'  (  :'  ,.  '.s' ^iioJ::'IWj'ZSCp'X' 

■  :)  ■:•■  :  i.o-'  rv-:5  o' -.FaoiFo-co  ., 

.  ,  F-''  .  o  oso  -F']'  ni:  noluif^-::^u-q^c^i  arF  nFIcpcs  ,  ' 

■;■••  j-.,y  ,:■■'■  O::.'-  .Vo/L'  .Fioj'i  a.;>dT.;O0'S;:j  0;XsfoF'  cJa'V^  i'loi-F 

(,:■  .  ■  .at-'J  o'/j  a.FF;oF£if  .oa-a 

^ ,o;-' r^':F.:o£  rl;v;ao'o;!d  ':'Ooid  'Ou  oam'  • 

.r  •/;.  j.  :  ;; -'I.  •..  a  o.”:  "o: oral'a  '.'jid'  >+£!’«;!■  ul  OB. {j  Forvoc;  vr>T 

.  ,  .:,M.  j':.I.rr.;  ■ :  .'aa ,  oaBO.UrO..  i''  .oOaFstO  .'i’i  (.oF  .ao.LL 

^■, -CO-.  ,■'  :’.l  :'■  cd-  d'-;o.''"  ira  co:  ■  e.aai  ra  oahiFsoa 

‘vO  ,M.,a...:o  ;;.v  :/;■  aoq  .0  ya  bod-ao-t.'/a  a  dooy.r';.  y;/:;'  orF 

a/ d -.Ly'.a.a;  ;i)  d-’-  iT:.  b‘i  v  oda,  fioF/  ,'Ft^.C  rx  naxyaocrxBq^;ri 

•  .  vd'  ,i'.r  a.  ,  d  ■  .‘.I j-i- ■'p-:'  o;:d.dMao  liih-:'  s-{n:^iZb  Faci  '^,0  eonsb 

'qa'F-yo  ••  ,  ■  ■  ,,  :,  ;,  .'■FFd 

■  ;a\;-  ba.  ,'b  -q  ddax ‘.a  •  r  y,-.i'.,-rp;“a::  xnr  '.ro  e^xyoaxb  axX.‘.."7Xpv  Xo 

,7.  ■■•■d'/x  .'■  ’  ,  "c.dyn.o.rlC'j'r  ad  aa'o  aara  o,fo.'''M£,o 

■•■-Vj' 

:  •■:  y:'.  'oa  ,,  .:  v.;d  ad  aX''  ;dtad:'*xdT;ao-  ^'i)  o'dfdd  ■:x  [b)  rixtJ;:adi,‘-^'Xi 

,'■■•?'  X  ■  :d‘  «  X  a,;-.  d'iFIao  o'ox  xf  eo;adsdaa  iyys;&xq., 

y  ■'  ^  ..  d:  7  d  -  'X,''  ■  ;„  ■d-.a  x.x  Fdo.  xax/orfe  (F j  ■. ddaJ'd'blo-D  , 

'  d.  •  O'  .  d' •,  ‘  .  d.  .dxFsaoq  add  ^riaaerrod-'^',:'.: •,:{  bor>f/,b;/i.j 

-jxd’  '■■;  ■  .Fj  F':.;,'';  ’  x-x.  pdaox  .x  d'  do  dioi: jxdoXjvoo  nj: 

■'  ■■•  d  ..  d  ■  '.  d-  -  ‘■■d.t  d,.'Laf  aa  xdaaaK x.[x,ln’0 

'  '  !'■ 
F  .  '  ’  >•  dd.  5  .  dd-'.X/ .  •,  .F c  av'o'xj  If^o.a'.xJ'o  ax  eaiJMeoacl  .d 


7;: 


2. 


hypertension  was  limited  to  the  areas  proximal  to  the  coarctation, 
with  hypotension  distally.  He  showed  that  there  was  a  diastolic 
hypertension  in  the  distal  vascular  bed,  with  a  marked  reduction 
in  pulse  pressure  in  this  area. 

Many  attempts  have  been  made  to  resolve  the  problem  of  the 
mechanical  versus  the  renal  mechanism  in  this  disease.  These 
have  centered  around  studies  of  peripheral  resistances,  and 
determinations  of  renal  flow  and  function.  The  results  of 
these  studies  have  been  conflicting.  This  vrill  be  discussed 
later  in  some  detail. 


Ife  have  attempted  to  answer  the  question  by^  transplanting 
the  kidneyr  to  a  site  proximal  to  the  ccarctationo  Coarctation 
has  been  produced  in  a  series  of  dogs,  which  has  resulted  in  a 
■very  significant  degree  of  hypertension,  FolloT^dng  establish¬ 
ment  of  the  hypertension,  one  kidney  has  been  transplanted  to 
the  carotid  vessels  in  the  neck.  This  procedure  did  not  affect 
the  hypertension  until  the  kidney  remaining  below  the  coarctation 
was  removed,  vfhen  a  prompt  and  sustained  return  to  normotension 
resulted. 

The  plan  of  the  experiment  is  illustrated  diagrammatic ally, 

(Fig,  1.)  plan  of  experiment 
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HISTORICM.  A)\5)  CI,IMICAL  A8Pi:GTS  OF 


COARCTATION  OF  THtj.  AORTA 

Coarctation  of  the  aorta  has_,  no  doubts  occurred  since  the 
beginning  of  man.  However^  this  malformation  of  the  aort*a  was 
apparently  not  appreciated  until  about  the  middle  of  the  eight¬ 
eenth  century, 

Mendelson  (5)  and  others  considered  Morgagni  as  the  first 
to  draw  attention  to  the  ijinusual  condition.  Abbot  (6),  Flexner 
(7)  and  others  have  credited  Paris ^  the  French  anatomist^  as  being 
the  first  to  fully  describe  in  17S9  and  1791  the  tj-pjical  patho¬ 
logical  features  of  coarctation  of  the  aorta. 

The  number  of  case  reports  has  increased  yearly  since  1791  ■» 

By  192S%  Abbot  (6)  was  able  to  report  on  a  series  of  200  cases  in 
which  post  mortem  vras  performed^  and  in  which  the  '’adult ”  type 
of  coarctation  was  present.  By  1946  a  further  IO4  cases  had  been 
collected  and  reviewed  by  Reifenstein,  Levine  and  Gross  (S). 

The  common  classification  of  coarctation  of  the  aorta  is 
that  of  Bonnet  (9)^  who  in  1903  distinguished  betv/een  infantile 
and  adult  types.  The  infantile  type  is  that  in  which  the  area 
of  constriction  of  the  aorta  is  a  rather  extended  one,  lying 
between  the  origin  of  the  left  subclavian  artery  and  the  aortic 
insertion  of  the  ductus  anteriosus.  This  t^’pe  is  rare,  usually- 
resulting  in  death  before  the  age  of  two  years.  A  patent  ductus 
art.eriosus  is  also  present. 

The  so-called  adult  type  is  that  in  which  the  constriction 
is  sharply  localized,  either  at  the  point  of  insertion  of  the 
ductus  arteriosus  or  very  close  to  it.  The  adult  type  may  be 
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seen  at  any  age_,  but  is  usually  recognized  in  late  childhood 
or  early  adult  life.  The  ductus  in  this  t:v'pe  is  closed. 

The  gross  pathological  picture  of  the  interior  of  the  aorta 
in  the  adialt  type  of  coarctation  takes  the  form  of  a  diaphragm- 
like  structure lying  across  the  l^omen,,  v:ith  a  small  aperture 
persisting  in  most  cases.  The  diameter  of  the  aperture  rarely 
measures  more  than  one  millimeter.  Distal  to  the  stricture  of 
the  aorta  there  is  usually  some  ''post- stenotic^’  dilatation. 

The  diagnosis  of  coarctation  of  the  aorta  is  not  difficult 
and  its  recognition  depends  on  carr^^ing  cut  the  few  simple  pro¬ 
cedures  necessary  to  exclude  coarctation  in  every  case  of  hyper¬ 
tension. 

The  Important  features  in  the  diagnosis  of  coarctation, 
according  to  Christensen  and  Hines  (lO),  are: 

1,  Characteristic  differences  in  the  arterial  pulsations 
and  indirect  blood  pressures  in  the  upper  and  loxfer  ex¬ 
tremities.  The  abdominal,  femoral,  popliteal  and  tibial 
arterial  pulsations  are  usually  feeble  or  absent.  Most 
patients  have  hypertension  in  the  upper  extremities  and 
hypotension  in  the  lower  limbs  by  ordinary  cuff  m.easure- 
mentSe 

2,  The  presence  of  one  or  more  cardiac  or  cardiovascular 
murmurs,  the  most  common  being  a  fairly  loud,  rough,  pre¬ 
cordial,  systolic  bruit  of  maximal  intensity  over  the 
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The  presence  of  a  well-developed  collateral  arterial 
spstem  that  bv-passes  the  coarctation.  This  occurs 
particularly  in  the  scapular  and  interscapular  regions  as 
evidenced  by  the  presence  of  thrills  and  bruits  in  these 
areas, 

4.  Characteristic  erosions  seen  as  ”rib-notching”  on 
X-rays,  Notching  of  the  ribs  may  not  be  conspicuous^ 
as  only  one  or  two  ribs  may  be  affected^  but  when  seen_j 
Pugh  (ll)  states  that  it  is  almost  pathognomonic  of 
coarctation  of  the  aorta. 

Frequently  the  patient  who  has  coarctation  has  no  s;>nnptoms. 
The  two  most  common  symptoms  related  to  the  abnormality  are 
dyspnea  and  headache.  However^  Hines  and  Christensen  (12)  state 
that  palpitation  of  the  hearty  epistaxis_,  thoracic  pain,  visual 
disturbances  and  intermittent  claudication  may  occur.  According 
to  Gross  {13) y  it  is  four  or  five  times  commoner  in  males  than 
in  females. 

The  prognosis  for  patients  xd.th  untreated  coarctation  of  the 
aorta  is  poor.  According  to  Pusifenstein,  Levine  and  Gross  (8), 
who  reviewed  autopsy  material  from  104  cases,  aboi.it  one  quarter 
(26  per  cent;  of  the  patients  lived  a  long  life,  and  had  little 
or  no  incapacitation.  About  one  quarter  (22  per  cent;  died  from 
bacterial  endocarditis  or  aortitis,  the  infecting  organism  being 
the  Streptococus  viridans.  About  one  quarter  (23  per  cent)  of 
patients  died  from  sudden  rupture  of  the  aorta.  About  one  quarter 
(28  per  cent)  died  because  of  the  hypertensive  state.  Deaths  from 
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cardiac  failure  are  about  twice  as  coTninon  as  fatalities  frora 
intra-cranial  haemorrhage.  The  avera,ge  age  of  death  was  35  years. 
These  statistics  indicate  that  while  some  persons  may  live  a  long 
and  useful  life  with  coarctation  of  the  aorta^  the  abnormality 
is  one  ^which  brings  tremendous  hazards  to  its  posessor. 

The  development  of  surgical  techniques  for  the  treatment 
of  coarctation  of  the  aorta  began  at  the  turn  of  the  century, 
Carrel  (I4)(l5}  in  1910  and  later  years  made  observations  on 
the  length  of  time  during  which  the  aorta  might  be  safely 
occluded_5  on  the  dangers  of  infection^  on  the  various  techniques 
for  repair  of  blood  vessels  and  on  transplantation  of  segments 
of  human  popliteal  artery  as  well  as  homologous  grafts  of  veins 
into  the  thoracic  aorta  of  dogs,  Blakemore^  Lord  and  Stefko 
(16)  in  1942  successfully  bridged  defects  in  the  abdominal  aorta 
of  anim.als  through  the  use  of  their  non-suture  method,  employing 
a  vein  graft  and  vitalluim  tubes.  In  1944  Blalock  and  Park  (l?) 
devised  an  operation  on  eiKperimental  animals  for  circumventing 
the  coarctation  by  anastom.osis  of  the  left  subclavian  artery"  to 
the  side  of  the  aorta  distal  to  the  point  of  stenosis.  In  1945 
Gross  and  Hufnagel  (18)  and  Crafoord  and  Bylin  (19)  reported 
their  experiments  on  the  resection  and  primary  end-to-end 
anastomosis  of  the  thoracic  aorta  of  dogs. 

The  first  operation  on  a  patient  by  Crafoord  was  on  October 
19^  1944j  and  that  by  Gross  on  June  28,  1945 <.  Clagett  (20)  was 
the  first  to  use  the  subclavian  artery  to  by-pass  the  point  of 
stenosis  in  patients.  This  operation  is  rarely  used  at  the 
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present  time  as  often  the  diameter  of  the  subclavian  artery 
is  not  equal  to  that  of  the  aorta 

During  the  past  five  years  aortic  grafts  have  been  used  in 
the  surgical  treatment  of  selected  cases  of  coarctation  of  the 
aort,a,  Grafts  are  pait-iciilarly  suitable  if  the  stenotic  area  is 
of  any  appreciable  length  and  a.lso  in  those  cases  of  coarctation 
with  the  formation  o  f  an  aneur^'-sm  distal  to  the  point  of  con¬ 
striction. 

In  195^  Glenn  and  O’Sullivan  (2l)  reported  that  over  300 
cases  of  coarctation  had  undergone  operation  wdth  a  constantly 
decreasing  morbidity  and  mortality  rate. 
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PRODUCTIQ]^  CF  EXF^RmWAL  CQiUCTATICN 

The  production  of  coarctation  of  the  aorta  in  laboratory 
animals  has  long  been  a  problem,  although  it  has  been  successfully 
done  by  severa,!  methods  in  recent  years. 

There  are  three  conceivible  methods  of  attempting  to  reduce 
the  diameter  of  the  aorta,  namely: 

(l;  External  con^'ression 

(2)  Intramural 

(3)  Intravascular 

External  compression  of  the  aorta  was  used  by  the  earliest 
investigators  in  their  atten^ts  to  treat  abdominal  and  peripheral 
aneurysms.  These  were  uniformly  unsuccessful  because  of  necrosis 
at  the  site  of  compression  and  invariable  secondary  haemorrhage, 
Halstead  (22)  reported  in  1911  initial  success  with  silver 
and  aluminum  bands  in  bringing  about  a  gradual  occlusion  of  the 
abdominal  aorta  in  dogs.  However,  in  1913  he  concluded  that 
"ultimately  the  metal  bands  must  cut  through  the  aorta".  Sub¬ 
sequently  he  used  fascia  lata  and  homologous  aortic  strips  (23) 
to  wrap  about  the  aorta,  but  found,  as  did  Pearse  (24)^  that  the 
strips  of  fascia  either  stretched  so  much  they  proved  ineffective, 
or  they  cut  through  the  vessel  wall. 

In  1939 ^  Page  (25)  found  that  ordinary  ce3.1ophane  wapped 
about  a  kidney  led  to  the  deveD.opment  of  a  heai^^  fibrous  capsule 
which  later  constricted  and  produced  hypertension  in  dogs,  rabbits, 
and  cats.  Shortly  thereafter,  Pearse  (26)  produced  a  complete 
occlusion  of  the  aorta  by  banding  it  loosely  with  siiailar  material. 
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In  1942,  OTin^s  (27)  was  sLiccessf-al  in  eventually  ligating  the 
aorta  in  six  out  of  seventy-five  dcgs^  using  rubber  bands 
applied  at  multiple  operations » 

The  utilization  of  an  intravascular  obstruction  to  accomplish 
gradual  occlusion  of  the  aorta  v/as  reported  by  Reid  (2S)  in  1924o 
In  a  small  series  of  six  dogs  he  was  able  to  produce  total  occlusion 
of  the  aorta  by  introducing  intraluminally^  rolls  of  fascia  to 
plug  the  aorta,  Pearse  (29)  threaded  small  springs  of  steely 
silver  and  copper  wire  into  the  aorta  which  brought  about  varying 
degrees  of  stenosis  due  to  thrombosis  in  the  area  of  the  spring, 
However_,  this  was  followed  by  recanalization,  Pearse ’s  (26) 
attempts  to  produce  a  local  thrombosis  by  exposing  a  se^ent  of 
the  intima  of  the  aorta  to  fifty  per  cent  glucose  and  sodium 
morrhuate  were  also  unsuccessful « 

Efforts  to  reduce  the  diameter  of  the  aortic  lumen  by 
intramural  or  intrinsic  contracture  of  the  vessel  wall  date 
back  to  1913  when  Matas  (30)  attempted  to  produce  a  gradual 
stenosis  of  the  aortic  lumen  by  multiple  plications  of  the  wall 
in  its  long  axis.  These  experiments  were  unsuccessful  as  re¬ 
laxation  occurred  '/^ith  a  gradual  tendancy  tov/ard  the  re-establish¬ 
ment  of  the  lumen,  Pearse  (26)_,  in  1940^  attempted  to  constrict 
the  vessel,  wall  by  injecting  sodium  morrhuate  into  the  media^ 
painting  tincture  of  iodine  or  twenty-five  per  cent  acriflavine 
on  the  wall_,  and  applying  a  diathermy  current  with  the  hope  of 
producing  an  intrinsic  contracture  of  the  vessel  wall.  None  of 
these  attempts  resulted  in  a  permanent  constriction^ 
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It  can  be  seen  from  the  above  mentioned  experimental  studies 
that  to  reduce  the  diameter  cf  a  large  artery  is  a  difficult  ex¬ 
perimental  problem^  however^  in  recent  years  several  successful 
methods  have  been  reported.  In  1944^  Blalock  and  Park  (17)>  in 
devising  an  operation  for  coarctation  of  the  aorta  reduced  the 
flow  through  the  thoracic  aorta  by  complete  ligation  of  the  vessel 
and  then  anastomosing  the  left  subclavian  to  the  distal  aorta. 

This  procedure  did  not  result  in  any  remarkable  change  in  the 
blood  pressure  in  upper  and  lower  extremities,  However_,  in  1951^ 
Scott  and  Bahnson  (3l)  in  the  same  laboratory used  this  method 
to  produce  experimental  coarctation  and  found  that  it  produced 
a  significant  elevation  of  the  blood  pressure  in  the  upper  ex¬ 
tremities,  Yarco  et  al  (32;  succeeded  in  reducing  the  aortic 
lumen  by  excising  a  notch  or  wedge  from  the  aorta  of  young  grovr- 
ing  dogs  and  suturing  the  defect,  Hufnagel  (33)  showed  that 
segments  of  the  thoracic  aorta  could  be  replaced  with  Lucite 
plastic  tubes  with  survival  of  the  animal  for  long  intervals, 

Sealy  and  McSwain  (34) >  in  1949^  using  Hufnagel 's  principle^ 
designed  and  found  practical a  Lucite  tube  vdth  a  stream-lined 
hourglass  constriction  which  they  tied  into  the  aorta.  This  is 
the  method  which  we  have  chosen  in  our  experiments  because; 

1,  It  was  an  easy  and  reliable  method  of  producing  partial 
aortic  occlusion  or  coarctation, 

2,  It  produces  a  consistent  significant  hypertension  in  the 
experimental  animal,  Varco  (32)  has  shovm  that  reduction 

in  size  of  the  thoracic  aorta  mil  not  result  in  k^’per- 
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tension  unless  the  aortic  diameter  is  reduced  at  least 
50  per  cent,  or  the  cross-sectional  area  at  least  75  per 
cent.  If,  on  the  other  hand  the  occlusion  is  too  great, 
paraplegia  i\rill  result  in  a  high  percentage  of  animals. 
Sealy  (35)  states  that  by  using  the  Incite  tube  method 
the  aorta  was  reduced  in  diameter  from  75  to  S5  per  cent, 

3<?  It  is  a  method  that  can  be  used  in  the  average  dog 
population.  It  does  not  require  the  use  of  puppies  or 
young  growing  animals^ 
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MEITHODS 

The  usual  precautions  against  laboratory  diseases  in  the 
dog  population  were  taken.  Moreover the  animals  were  kept 
for  some  weeks  prior  to  operation,  with  weekly  determinations 
of  blood  pressure.  This  allowed  those  that  were  going  to  die 
of  intercurrent  infections  to  do  so,  and  ensured  that  true  pre¬ 
operative  pressures  had  become  established.  We  found  that 
pressures  tended  to  be  high  until  the  dogs  adjusted  themselves 
to  laboratory  life, 

411  our  dogs  were  tested  for  Leptospira  infection  which 
is  responsible  for  a  rather  high  incidence  of  renal  disease 
among  the  casual  dog  populationo  This  was  earned  out  in  the 
laboratory  of  Professor  R,  D,  Stuart  (36;,  Professor  of 
Bacteriology^ « 

Seal/  and  Me Swain ’ s  Incite  tube,  previously  referred  to, 
when  used  in  a  dog  of  raoderate  size,  ^idll  almost  invariably 
result  in  hypertension  wdth  a  very  low  incidence  of  paraplegia. 
This  tube  is  designed  to  fit  into  the  ends  of  the  divided  aorta, 
and  has  three  outside  grooves  on  either  end,  so  that  the  aorta 
can  be  tied  securely  over  it.  It  should  be  mentioned  that  if 
too  small  a  dog  is  used,  it  is  difficult  to  insert  the  tube  into 
the  divided  aorta,  and  if  one  is  successful,  the  incidence  of 
hy.'pertension  will  be  low.  If  the  dog  is  very  large,  paraplegia 
will  probably  result. 

B.  U,  N.  determinations  were  done  by  the  urease  method,  and 
were  determined  by  frequent  intervals.  Renal  clearance,  renal 
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flow  and  estimations  of  peripheral  resistance  were  not  done  in 
this  series. 

The  animals  were  anaesthetized,  with  intravenous  pentothal^ 
which  v/as  used  for  anaesthesia  prior  to  determinations  of  blood 
pressures  and  for  the  operative  procedures.  Depth  of  anaesthesia 
made  a  slight  difference  in  pressure  determinations  and  we  were 
careful  to  maintain  a  relatively  constant  depth  of  anaesthesia, 
V^hen  intrathoracic  procedures  were  being  carried  out^  v:e  main-. 
tained  pulmonary  ventilation  by  means  of  the  "Pneophore”  which 
converts  continuous  positive  pressure  to  intermittent  positive 
pressure. 

Direct  arterial  pressures  were  measured  by  means  of  the 
Sanborn  elect romanome ter  and  recorded  by  a  modified  Sanborn 
Viso-Cardiette.  The  Viso-Gardiette  was  modified  by  Dr,  H,  V. 

Rice  so  that  pressure  tracings  co’Jild  be  taken  at  tvro  speeds. 

The  slovr  speed  tracings  gave  an  accurate  determination  of  the 
systolic  and  diastolic  pressures  and  the  fast  speed  tracings 
gave  a  true  picture  of  the  pulse  curve.  The  femoral  and  carotid 
arterial  pressures  were  chosen  as  representative  pressures 
distal  and  proximal  to  the  coarctation.  The  femoral  artery 
can  be  readily  punctured^  but  for  ease  of  repeated  carotid 
artery  punctures ^  it  was  necessary  to  transplant  the  right 
carotid  artery  to  a  subcutaneous  position  in  the  neck.  This 
vessel  was  not  divided^  but  m.erely  mobilized^  and  the  strap 
muscles  and  fascia  of  the  neck  sutured  behind  it.  The  vagus 
was  left  in  its  normal  position, 

”Pneophore”  -  Manufactured  by  Mine  Safety  Appliances. 
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A  21'-gauge  needle  was  used  throughout  for  arterial  punctures o 
Interposed  between  the  puncturing  needle  and  the  recording 
apparatus,  a  ”Heparin  Drive”  system  was  placed*  This  was  designed 
and  constructed  by  Dr.  H*  V.  Rice  on  a  modification  of  Hebb’s. 
instrument  for  continuous  Penicillin  therapy  (3?) .  The  function 
of  the  “Heparin  Drive”  system  was  to  provide  for  a  minute, 
continuous  flow  of  heparin  through  the  puncturing  needle,  A 
dilute  solution  o  f  heparin  was  supplied  at  a  rate  of  10  drops 
per  minute,  which  kept  the  needle  patent  at  all  times,  yet  did 
not  interfere  with  pressure  recordings*  Carotid  and  femoral 
systolic,  diastolic  and  mean  pressures  were  taken  at  frequent 
intervals,  with  several  determinations,  days  or  weeks  apart, 
betvfeen  each  stage  of  the  experiment*  Mean  pressures  were 
recorded  on  the  electromanometer  by  the  electrical  integrator. 

In  general,  three  pressures  were  taken  at  weekly  or  bi¬ 
weekly  intervals  before  any  operative  procedures  vxere  done. 

Those  dogs  whose  systolic  pressure  remained  above  150  ram,  of 
mercury  were  discarded  as  unsuitable  for  this  experiment.  For 
this  reason  about  one-quarter  of  our  available  dogs  had  to  be 
rejected.  Following  coarctation  ,  pressures  were  taken  twice 
weekly  for  three  to  four  weeks,  and  then  monthly  until  they 
were  stabilized  at  hypertensive  levels,  Follo\d.ng  transplant 
of  one  kidney  to  the  neck  vessels,  pressures  were  recorded 
weekly  or  ever^’'  second  week  until  they  were  stable,  and  then 
the  second  kidney  was  removed.  Pressures  were  done  immediately 
following  nephrectoiry  on  either  the  first,  second,  third,  or 
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fourth  post -operative  day  (but  only  once  during  this  period 
in  each  dog),  and  vfere  then  done  vfeekly  for  a  month.  Follox'^- 
ing  this,  they  were  done  monthly » 

Aseptic  surgical  technique  was  used  throughout.  Penicillin 
and  sulphadiazine  were  used  post -operatively  in  the  early  cases, 
but  later  discontinued  as  they  were  found  to  be  unnecessary. 

Following  is  a  t^'-pical  protocol: 


1953 

Dog  #43 

V/eight  15  Kilo. 

June 

1 

Admitted  to  laboratory. 

Isolated  for  2  weeks. 

Jione 

14 

Given  9  c.c.  pentothal 

I.V*  Femoral  pressure 
150/120  mm. 

June 

21 

Given  9  c.c.  pentothal 

Femoral  pressure 

160/120  mm. 

June 

28 

Given  9  c.c.  pentothal. 

Carotid  transplant  done. 

Carotid  pressure  -  15O/I3O  mm.  of  mercury.  Femoral  pressure  - 
150/120  mm.  of  mercurjm  The  left  chest  was  clipped,  the  skin 
painted  with  tr,  iodine,  and  an  intravenous  of  5^  G-,D,V'F«  was 
started.  More  pentcthal  was  introduced  into  the  I,  V.  tubing 
as  necessary  during  the  course  of  the  operation.  An  endo¬ 
tracheal  tube  with  attached  cuff  was  inserted  into  the  trachea 
and  the  cuff  inflated.  The  laborator^^  air  line  was  attached  to 
the  endotracheal  tube  with  the  pneophore  interposed  to  maintain 
artificial  respiration.  The  air  pressure  and  pneophore  were 
adjusted  to  provide  adequate  depth  and  frequency  of  respirations. 

The  chest  vjas  opened  through  the  left  fifth  interspace, 
the  inferior  pulmonary  ligament  divided,  and  the  lung  retracted. 


'■ 


.'o.fr  ' 

v.  o,?,u  ■ 


:  :Vc-:v. 


.;-ia  lU'i'-v 


lu^u  Gical  .  'Tsj' i  f'I  I/Sd'J'JX't'A 

rrv>. 


‘rG.rsE^';; 


.7. 


. .  -)  9  H  v^  v'i:^ : 


■;:9i 

A  mu’".' 
■IC  ■■^■t,:::'v 

j'.N 


;,,.  :  '/I cGr.  '  ■■'  ..'  ■  .-  -  bid’O'I.G;  • 

bJ'o  ■  ■/*:.  .b'oX  --."ry  ,  proo’T  M.:  ■  - ' Gin. 

-:  '-.--ryv.n"Xi:,.I  k,  :g  ^.^ixboi:  ffdxw  G;.jfiXi.n;( 

;!j-  r,,.!-r  •■in, iX  X,n,:Xyc  ’fn'...:q  X;''iO,X  . 

■ '-  '  .  nan'i^C:)  .xi.:'  ..'.‘::j,:  .  lOf'i  a.S 


»,■■'  !  B  i. .  .  Bij'W 


‘IXiio  iBoXnr'ic) 


:.*:  i  /xoc]-..-.- ’  s'lT  „  bcnteiXinl:  .a/un.,  nHj  Ixiii 

..:  ;  •■  xni'ixnnc;  b:X'  HJj;  ■  rd'/X  J.G.n!r.'";'.-d'O.BriC:/  nnX 

'  '.i  '  ■  .  n. COX'' ■''''..,  1 '•: n " ni;  n,'  .v..C',o.;n 

■'■•'■'_  'v  fi,-;  ,. ■J.n.r.i piaJo.G  acinn.n'X  oX  b9<:!’fej,j!,p 'Xi 

', .  •..  ’,;  ■-  OX'.-/  Xonno  oXT 


16. 


The  parietal  pleura  was  divided  over  the  descending  aorta  from 
the  first  to  the  seventh  intercostal  arteries,  and  the  four 
pair  of  intercostal  arteries  from  two  to  five  inclusive,  were 
divided  between  ligatures.  About  three  inches  of  aorta  was 
mobilizedo 

Potts  clamps  were  then  placed  on  the  mobile  aorta  about 
two  inches  apart,  and  the  aorta  divided  between  them*  (Vie 
first  used  Blalock  clamps,  but  found  Potts  less  traumatic  to 
the  intiraa  and  more  secure*)  Two  sutures  of  000  silk  vrere 
passed  through  the  cut  ends  of  the  aorta,  and  at  either  side 
(3:00  and  9:00  o’clock),  left  imtied.  These  vrere  very  use¬ 
ful  in  stabilizing  the  aortic  segm-ents  and  facilitated  in¬ 
troduction  of  the  Incite  tube.  The  Incite  tube  was  then  in¬ 
serted  into  the  cut  ends  of  the  aorta,  and  the  previously 
mentioned  sutures  tied.  This  held  the  tube  in  position  until 
the  ligatures  were  placed  and  secured*  Because  of  retraction, 
the  aortic  segments  only  surrounded  the  proximal  and  distal 
quarters  of  the  tube^  each  end  of  which  had  three  circumferential 
grooves  cut  in  the  outside  surface,  A  pair  of  liga.tures  was 
placed  at  either  end  to  firmly  secure  the  aorta  to  the  tube. 
Obviously,  a  very  tight  ligatui-e  vrould  result  in  necrosis  of  the 
aortic  wall  beneath  and  distal  to  it.  Such  a  tight  ligature 
was,  however,  necessary  to  prevent  the  aortic  segment  from 
slipping  off  the  Incite  tube.  This  pair  of  ligatures  was  placed, 
one  at  either  end,  to  engage  the  aorta  near  the  cut  ends,  and  tied 
tightly  into  the  innermost  grooves.  The  second  pair  was  of  #3 
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silkj  and  tied  loosely  to  hold  the  aortic  wall  in  contact  with 
the  tube.  (See  Fig,  2.) 


I 


COARCTATION  TUBE 


The  Potts  clamps  were  loosened  slowly  (distal  one  first) ^ 
and  the  parietal  pleura  carefully  re- approximated  over  the 
operative  site,  (it  was  hoped  that  this  combination  of 
ligatures  would  prevent  secondary  haemorrhage ^  and  this  proved 
to  be  so  only  if  these  ligatures  were  correctly  placed  and  tied.) 
The  aortic  occlusion  time  was  seven  minutes. 

The  chest  was  closed  and  aspirated  of  residual  air.  The 
dog  received  300  c.c,  of  G.D.¥.  No  special  diet  or 


medication  was  used 
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Post  coarctation  pressures  were; 


1953. 


July  5 
July  15 
July  23 
Aug.  19 
Sept . 21 
Oct,  23 


Carotid  190/150 
Carotid  200/150 
Carotid  210/160 
Carotid  210/160 
Carotid  210/170 
Carotid  210/160 


Kim.  of  mercury, 
mm,  of  mercury, 
mm,  of  mercury, 
ram,  of  mercury, 
ram.  of  mercury, 
ram.  o  f  mercury. 


Femoral  I6O/I4O 
Femoral  170/150 
Femoral  150/130 
Femoral  I6O/I4O 
Femoral  I6O/I5O 
Femoral  I7O/I5O 


mm,  of  mercury 
mm,  of  mercury 
mm,  of  mercury 
.ram,  of  mercury 
mm,  of  mercury 
mm,  of  mercury 


Dec  9  10  Carotid  210/160  ram,  of  mercury.  Femoral  I7O/I4O  mm,  cf  mercury". 
Subsequent  to  the  pressure  determinations^  the  left  loin  and  neck 
of  the  dog  were  clipped,  the  skin  painted,  and  the  areas  draped. 

Through  a  vertical  incision  in  the  neck,  overlying  the  strap 
muscles,  and  extending  from  hyoid  to  sternum,  the  external  jugular 
vein  and  common  carotid  artery  were  freed  in  their  entirety.  The 
skin  and  platysma  muscle  posterior  to  the  Incision  were  freed 
from  their  underlying  tissues  to  prepare  a  subcutaneous  bed  for 
the  left  kidney.  The  adventitia  was  freed  from  the  common  carotid 
just  proximal  to  its  bifurcation,  and  from  the  external  jugular 
vein  at  the  same  level. 

The  left  kidney  xvas  then  removed  from  its  retroperitoneal 
position  through  a  muscle  >3plitting  incision,  parallel  to,  and 
just  below  the  costal  margin.  The  renal  vessels  were  dissected 
free  to  the  aort-a  and  vena  cava  and  divided  individually,  renal 
artery  first.  The  full  length  of  both  vessels  was  obtained 
partly  because  this  was  often  necessary  to  reach  the  main  vessel 
beyond  its  bifurcation,  and  also  because  full  length  was  needed. 


u 
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in  the  neck.  The  ureter  was  divided  as  far  interiorly  as  possible. 
The  renal  fascia  was  left  in  the  abdomen  and  the  adrenals  were 
not  seen^  handled^  or  interfered  with.  The  distal  end  of  the 
ureter j  spermatic  or  ovarian  vein  and  the  stumps  of  the  renal 
vessels  were  ligated  with  OC  silk.  No  clamps  or  ligatures  were 
placed  on  the  vessels  to  be  used  in  the  anastomosis. 

Without  waiting  to  close  the  retroperitoneal  wound  the 
kidney  was  placed  in  the  subcutaneous  tissues  of  the  neck,  and 
the  ends  of  the  renal  vessels  cleared  of  their  adventitia. 

Bulldog  clips  were  placed  inferiorly  on  the  neck  vessels, 
tied  superiorly,  and  the  vessels  divided.  Using  000000  arterial 
silk,  an  end  to  end  everting  intima  to  intima  anastomosis,  tied 
at  three  points  (Carrel),  was  effected  between  the  common  carotid 
and  r enal  arteries.  During  the  anastomosis,  a  few  drops  of  10^ 
heparin  were  frequently  applied  to  the  region  o f  the  anastomosis. 
Following  the  completion  of  “the  arterial  suture,  the  bulldog 
clip  on  the  carotid  was  removed  for  a  few  pulsations  and  the 
kidney  flushed  with  arterial  blood.  The  renal  vein  and  external 
jugular  vein  were  then  similarity  sutured,  care  being  taken  here 
to  ensure  that  the  vessels  were  not  rotated  on  their  long  ajdLs, 

Each  procedure  took  15  minutes,  (10  to  20  .minutes).  All  clamps 
vrere  then  removed,  and  urine  began  to  flow  from  the  ureter  in 
two  minutes  (1/2  to  60  min,) 

The  kidney  capsule  was  then  tacked  to  the  deep  tissues  of  . 
the  neck  with  three  or  four  interrupted  sutures  of  0000  silk. 

The  ureter  was  placed  in  its  most  direct  position  leading  to 
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the  skin  of  the  neck.  The  skin  at  this  point  ■'.’ras  picked  up 
under  tension  with  a  skin  needle ^  and  a  disc  of  full  thickness 
skin  about  3  ram*  in  diameter  was  excised.  This  left  a  skin 
defect  of  almost  double  this  diameter.  The  subcutaneous  tissues 
deep  to  this  were  spread  freely^  and  the  ureter  brought  out  as 

a  cutaneous  ureteroston^r.  The  excess  was  excised  and  mucosa,  to 

* 

skin  sutures  of  dermalon  placed  in  each  of  the  four  quadrants, 
When  these  were  tied^  the  ureteral  stoma  was  held  widely  open 
by  skin  tension.  Four  additional  interrupted  sutures  were 
placed.  The  neck  wound  was  drained  and  closed^  as  was  the  ab¬ 
dominal  wound# 

During  this  procedure^  which  lasted  two  and  one  half  hours, 
the  dog  received  500  c,c,  of  G.D.W,  intravenously.  Mo  particular 
post  operative  care  was  given,  the  dog  being  returned  to  the 
kennels  the  following  day# 

Pressures  were  repeated  on  the  l6th  day  of  December,  The 
Carotid  artery  pressure  was  210/170  mm.  of  mercury,  and  the 
Femoral  artery  pressure  180/150  mm,  of  mercury. 

Pressures  on  January  8th,  1954  were;  Carotid  210/180, 
and  Femoral  170/140,  Follovdng  determinations  of  pressures,  the 
right  kidney  was  removed,  using  a  procedure  similar  to  that  for 
kidney  transplant,  except  that  no  attempt  was  made  to  obtain 
any  length  of  renal  vessels#  This  procedure  of  contralateral 
nephrectomy  only  required  one-half  hour#  The  kidney  was 
sectioned,  placed  in  fixative,  and  sent  for  pathological  ex¬ 
amination  « 
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1954  Pressures  subsequently  were: 


Jan. 

11 

Carotid  130/110 

mm. 

of 

mercury. 

Femoral  13 0/110  mm. 
of  mercury. 

Jan. 

IS 

Carotid  I6C/I4O 

mm. 

of 

mercury . 

Femoral  I6O/I4O  mm, 
of  mercury. 

Feb, 

S 

Carotid  150/135 

mm. 

of 

mercury. 

Femoral  120/100  mm, 
of  mercury. 

March 

15 

Carotid  155/120 

mm. 

of 

mercury. 

Femoral  130/115  mm. 
of  mercury. 

April 

12 

Carotid  I6O/13O 

mm. 

of 

mercury. 

Femoral  120/100  ram. 
of  mercury* 

Figure  3  is  a  diagramatic  representation  of  the  blood 
pressure  changes  during  the  various  stages  of  the  experiment 
in  Dog  Number  43* 
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RESULTS 

As  can  be  seen  from  Table  I,  forty-one  dogs  had  thoracotomies, 
in  an  attempt  to  produce  Coarctation,  performed.  Seventeen  died 
during  or  soon  after  thoractomy,  and  all  of  these  erxept  one 
(distemper)  were  due  to  technical  errors.  These  all  occurred 
early  in  our  series  and  were  due  to  careless  handling  of  the 
intercostal  vessels,  inexperience  with  anaesthesia,  and  ignorance 
of  the  tension  required  in  the  ligatures  about  the  aorta.  The 
thrombosis  in  the  tube  was  secondary  to  rupture  of  the  aortic 
intima  by  the  Blalock  clamps. 

All,  those  that  survived  the  first  month  following  thoracotomy 
became  hypertensive.  Three  died  following  development  of  hyper¬ 
tension,  as  noted.  Eight  dogs  (controls)  have  not  had  any  further 
surgery,  and  have  remained  hypertensive.  In  some  of  the  dogs 
the  hypertension  has  slowly  progressed.  (See  Table  II,) 

Thirteen  had  a  kidney  transplanted  to  the  neck.  Three  died, 
as  noted.  The  remaining  ten  subsequently  had  a  contralateral 
nephrectomy*  Five  of  this  ten  are  still  alive  and  well,  with 
no  significant  increase  in  B,U,N,  The  longest  survival  of  this 
group  has  had  a  "neck  kidney"  for  eleven  months,  and  has  had 
this  kidney  as  its  solitary  kidney  for  nine  months.  Although 
he  has  been  blind  for  a  year,  he  is  well  nourished  and  active. 

His  pressures  have  been  nornia.l  for  nine  months,  (following  con¬ 
tralateral  nephrectomy)  but  his  hypertensive  ocular  damage  was 
apparently  irreversible. 
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TABLE  I 


smmmY  of  oPSRATrai:  kh;sijlts 


41  thoracotomies  (Coarctation) 


24  Hypertensive 


17  Early  Deaths 


5  Primary  haemorrhage 
5  Thrombosis  in  Incite  tube 
(2  paraplegic) 
3  Anaesthetic  overdo sage 
3  Secondary  haemorrhage 
1  Distemper 


3  Late  deaths 

1  Anaesthesia 

2  Thrombosis  in 
tube 


13  had  kidney 
transp3,ants 
to  the  neck 


8  Control  Coarcted 
Dogs.  Still  hyper¬ 
tensive  after  11 
months  or  more 


10  had  Contralateral  Mephrectomies 
All  became  Mormotensive 
(Completed  Experiments) 


5  alive  and  well 
All  Normotensive 
to  13  months 
following 
Coarctation 


3  Died 

Thrombosis 
in  tube 


10 


5  died  subsequently 
Thrombosis  in 
tube 
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TABLS  II  smmiil  OF  C«ROL  COARCTED  DOGS 


Dog 

No, 

Original 

Pressures 

Pressures 
at  Time  of 
Writing 

Length  of 
Time 

Coarcted 

Comments 

5 

c  140/110 

C  210/180 

12 

Hind  leg 

months 

Paralysis 

F  150/110 

F  150/140 

Sacrificed 

P,M,  - 
Aneurysm 


15 

C 

140/100 

C 

220/180 

16 

Hypertension 

months 

StabD.e 

F 

140/100 

F 

170/150 

17 

C 

140/120 

G 

260/220 

16 

Hyper'tension 

months 

Stable 

F 

140/110 

F 

160/150 

IS 

C 

150/120 

G 

290/210 

15 

Hypertension 

months 

Gradually 

F 

150/100 

F 

ieO/170 

Increasing 

20 

C 

140/110 

G 

220/190 

14 

Hypertension 

months 

Stable 

F 

140/100 

F 

190/170 

30 

C 

140/120 

C 

I9O/I8O 

13 

Hy’pertension 

months 

(moderate) 

F 

iho/110 

F 

150/140 

Stable  - 

small  dog 

40 

C 

140/100 

C 

220/190 

12 

Hypertension 

months 

Still 

F 

140/110 

F 

190/180 

Increasing 

41 

n 

0 

135/115 

C 

280/220 

Hypertension 

months 

Still 

F 

135/105 

F 

180/170 

Increasing 

C 


.(  o. 


c.:- 


Jj 
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The  five  who  died  subsequently  to  contralateral  nephrectomy 
apparently  died  as  a  result  of  thrombosis  in  the  region  of  the 
tube*  It  is  thought  that  the  sudden  drop  in  blood  pressure 
following  nephrectomy  aided  this  development. 

The  degree  of  occlusion  of  the  thoracic  aorta  produced 
by  the  Incite  tube  was  determined  in  a  series  of  15  dogs  used 
in  the  experiments.  In  each  instance  the  distended  aorta^ 
denuded  of  parietal  pleura^  was  measured  metrically in  situ 
during  surgery,  with  Vernier  calipers,  A  reduction  was  made 
for  total  aortic  wall  thickness  of  3  ram,  as  computed  from  ex¬ 
amination  of  a  series  of  dogs  at  post  mortem.  The  cross 
sectional  area  in  this  series  of  dogs  xfas  reduced  an  average 
of  ^5  cent,  the  range  being  from  ^1  to  93  per  cent. 

In  34  of  the  animals  who  had  coarctation  tubes  placed 
in  their  aortas,  the  aortic  occlusion  times  were  measured. 

See  Table  III.  In  the  first  half  of  the  series  the  average 
occlusion  time  was  10, S  minutes,  whereas  in  the  second  half 
of  the  series,  the  time  averaged  7«-4  minutes »  The  overall 
average  aortic  occlusion  time  for  the  34  dogs  was  9  minutes. 
Sealy  and  McSwain  (34)  report  a  high  incidence  of  spastic 
paraplegia  if  the  aortic  occlusion  time  exeeds  25  minutes. 
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TilBLS  III 


AORTIC  OCCLUSION  TBfflS 


Dog  No, 

Time 

Dog  No, 

Time 

5  9  min-s, 

27 

9  min* 

6 

17  min. 

28 

7  min. 

7 

12  min. 

29 

9  min. 

1C 

9  min® 

30 

10  min. 

11 

9  min. 

31 

8  min. 

14 

12  min* 

32 

6  min. 

15 

8  min. 

8  min. 

17 

7  min. 

34 

7  min  . 

le 

o  min* 

'll:. 

6  min. 

19 

10  min. 

36 

12  min. 

20 

11  min. 

37 

11  min. 

21 

11  min. 

38 

6  min. 

22 

11  min. 

no 

7  min. 

23 

17  ndn. 

40 

5  min. 

24 

11  min. 

41 

6  mn. 

25 

11  min. 

43 

7  min. 

26 

10  min. 

44 

6  min. 

First 

Half 

Average  s  10,8 
nD-n , 

Second 

Half 

Average  =  7«4 
min, 

Overall  Average 


9  min 


,,  o  ;  oi. 


I-'-?-  p 


C 

V 

C 


) 


■Table  IV  shows  the  pressure  determinations  in  the  ten  dc^s 
that  have  been  completed.  In  this  series  of  ten  dogs  ISO  pressure 
determinations  were  made^  averaging  IS  per  dog  over  the  course  of 
the  experiment.  The  carotid  systolic  (C,S,)  and  diastolic  (C.D,)^ 
femora]-  systolic  (F,So)  and  diastolic  (F,D,)  pressures  have  been 
averaged  during  the  periods: 

Prior  to  Coarctation  (Normal  Dogs)  -  Column  (3) 

Following  Coarctation  (Co,)  only  -  Column  (4)  and  (6) 

Following  Coarctation  and  Kidney  Transplant  (K,T.)  -  Column  (?) 
Following  Coarctation^  Kidney  Transplant ^  and  Contralateral 
Nephrectomy  (C,N,)  -  Column  (S)  and  (lO) 

At.  the  bottom  of  the  table  the  C<,S«^  C,D,_^  F^S,_,  and  F,D,,  pressures 
are  compared  in  the  whole  series. 

By  determining  the  B.U,No  on  a  series  of  apparently  normal 
dogs^  we  found  a  normal  range  of  10  -  20  mgms.  %,  The  highest 
B,U,N,  determination  in  our  series  was  43  mgms,  ¥e  are 
satisfied  that  none  of  the  dogs  are  uremic ,  and  that  none 
have  died  of  uremia.  The  present  B,U,N,  levels  in  the  five 
dogs  that  have  only  a  "neck  kidney"  are  22^  13,  254  34 

mgm.s,  The  longest  survival^  prev5.ously  referred  to^  has 
the  lowest  B,U,N, 

Microscopic  examination  of  the  kidneys  removed  from  the 
hypertensive  dogs  at  the  tim.e  of  contralateral  nephrectomy  has 
been  negative although  special  studies  of  the  juxtaglomerular 
area  are  not  yet  complete. 
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TABLE 


(1) 

(2) 

(3) 

(4) 

(5) 

Dog 

Site  of 

Average 

Average 

Change 

No. 

Pressure 

Pressure 

Pressure 

in 

Determin¬ 

Before 

Following 

Pressui 

ation 

Coarctation 

Coarctation 

Only 

mm«  of  Hg, 

mm,,  of  Hg. 

mm.  of 

11 

C.S. 

140 

208 

4-68 

C.D. 

120 

189 

4-69 

F.Se 

140 

178 

4-38 

F.D. 

120 

173 

4-53 

24 

G.S. 

140 

191 

4-51 

C,D« 

120 

I6l 

4-41 

F.S. 

150 

142 

4-8 

F.D« 

105 

138 

4-33 

23 

C.S. 

140 

194 

4-54 

C  eD  o 

120 

161 

4-41 

F.S. 

145 

12? 

-18 

F.D. 

110 

121 

4-11 

28 

c.s. 

150 

194 

i“44 

C.D. 

130 

170 

440 

FcS. 

150 

122 

4-28 

F.D. 

115 

120 

4-5 

32 

c.s. 

135 

199 

4*64 

C.D. 

120 

169 

4-49 

F.S. 

133 

166 

4-33 

F.D. 

108 

159 

4-51 

33 

C.S. 

170 

211 

4-41 

C.D. 

150 

169 

4-19 

F.S. 

175 

175 

-0 

F.D. 

135 

148 

4-11 

35 

C  *S  0 

150 

203 

4-53 

C.D, 

120 

157 

4-37 

F.So 

150 

170 

4“  20 

F.D. 

110 

153 

4-43 

36 

C.S. 

150 

206 

4-56 

C  oD  6 

120 

177 

4-57 

F.S. 

150 

200 

450 

F.D. 

no 

156 

-1-46 

43 

C.S. 

150 

208 

453 

GcD. 

130 

160 

+30 

F.S. 

15,5 

162 

47 

F.D. 

120 

144 

4  22 

44 

C.S. 

170 

210 

440 

GcD. 

130 

165 

4  35 

F,S. 

160 

172 

•v-12 

F,D. 

125 

152 

427 

Summ.s.r^^ 

Percentage  Change  in  Pressure  Resulting  from  Coarctation  of 

Aorta  Only 

Carotid  Systolic  -V-34c6/o  Femoral  Systolic  "V"  12 o 2^ 


Femoral  Diastolic*-h26c6? 


Carotid  Diastolic-^33.B^ 


IV 


(6) 


Change 

in 

Pressure 


-V57.5 
-\-27a 
+  44*1 
-h36*4 
H-34a 
-t-  5o3 
-f31»4 
+  3S*6 
+  34*1 
-12a4 
10.0 
•t29*3 
-V30,7 
-+1S,6 
-h  4*3 
't47*4 
i-40<.8 
i-24*B 
^hlu2 

-hl2*6 
±  0 

+  Sol 

+  35*5 
+30,8 
+  13*3 
-h39o0 
+-37*3 
+  47*5 
+  33*3 
+  41*8 

+25o8 

+23*1 
+  4*5 
+18,3 
+23*5 
+  26^9 
+  7*5 
+  21,5 


(7) 

(8) 

Average 

Average 

Pressure 

Pressure 

Folio-wing 

Following 

Co .  and 

Co.  and  K 

K*  T. 

and  C,  N, 

mm,  of  Hg. 

mm,  of  Hg 

188 

149 

150 

123 

160 

127 

150 

118 

200 

130 

160 

no 

155 

120 

145 

no 

200 

126 

180 

106 

150 

63 

150 

63 

215 

130 

190 

no 

140 

100 

140 

90 

200 

137 

140 

113 

180 

97 

150 

93 

211 

157 

150 

123 

170 

108 

130 

98 

200 

170 

150 

130 

175 

170 

155 

140 

205 

155 

180 

li^O 

205 

172 

160 

142 

210 

150 

175 

127 

175 

130 

145 

113 

200 

155 

165 

125 

165 

150 

140 

130 

(9) 

(10) 

Change  in 

Change  in 

Pressure 

Pressure 

From  Before 

From  Before 

Coarctation 

Coarctation 

(Col. (3)) 

(Col, (3)) 

mmo  of  Hg. 

% 

+  9 

+6.0 

+  2.0 

-13 

-9*0 

-  2 

-2,0 

-10 

-  7*1 

-10 

-  8*3 

-30 

-20,0 

+  5 

+  4*7 

-14 

-10.0 

-14 

-11,6 

-82 

—  56,5 

-47 

-42,7 

-20 

-13*3 

-20 

-15*3 

-50 

-'33*3 

-25 

-21,7 

+  2 

+  1,4 

-  7 

-  5.8 

-36 

-  27,0 

-15 

-13*8 

-  13 

-  7,6 

-27 

-  18,0 

-67 

—  32,8 

-37 

-  27,5 

+  20 

+  13*3 

+  10 

+  8,3 

+  20 

-*-13.3 

+  30 

+27,2 

+  ^ 

+  20 

+1606 

+  22 

+14*6 

+32 

+  29.1 

0 

0.0 

-  3 

-  2.3 

-25 

~16,1 

-  7 

-  5*8 

-15 

-8,8 

-  5 

-  3*8 

-10 

-6.2 

+  5 

+4*0 

of  Table  ^  ^ 

^r.entaee  Change  in  Resulting  from  Coarctation  Plug 

/  - -  K,T,  and  C.N,  ^ 

Carotid  Systolic  -2.28^  Femoral  Systolic  -17.84,. 


Carotid  Diastolic -3 .36^  Femoral  Diastolic  -4,85^ 
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Autopsies  conducted  on  those  hypertensive  dogs  which  have 
died^  show  an  early  development  of  atheromatous  degeneration  in 
the  great  vessels  proximal  to  the  coarctationa  ¥e  anticipate 
that  this  will  be  more  marked  in  those  animals  that  have  sur¬ 


vived  a  year  or  more 
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DISCUSSION 

Although  this  experiment  was  planned  five  years  ago^  and 
begun  in  1951^  it  is  not  original^  in  that  it  was  reported  from 
Dr»  Blalock’s  laboratory  soon  after  we  began  (3l) «  Their  method 
of  production  of  coarctation  was  less  reliable^  and  their  series 
smaller.  This  is  a  confirmation  of  their  findings^  vjith  additional 
data  in  a  larger  series. 

We  have  demonstrated  that  the  kidney  is  involved  in  the 
production  of  hypertension  in  experimental  coarctation  of  the 
aorta,  Vfe  have  invariably'-  found  that  the  dogs  remain  hyp)erten- 
sive  until  all  renal  tissue  has  been  transplanted  from  the  area 
distal  to  the  stenosis  to  a  point  proximal  to  the  stenosis. 
Pressures  then  return  to  normotensive  levels^,  although  the  aortic 
coarctation  remains.  Actually?-;,  as  can  be  seen  from  the  Summary?- 
of  Table  the  sy^stolic  pressure  in  the  great  vessels  distal 
to  the  coarctation  (F,S,)  is  considerably?-  reduced  (iSo).  This 
is  expected^  because  of  the  still  existing  coarctation.  The 
mechanical  effect  of  the  aortic  narrowing  reduces  the  amplitude 
of  the  pulse  wave. 

The  production  of  coarctation  with  hyp)ertension  in  this 
series  of  dogs  appears  to  simulate  the  clinical  conditioria 

Although  this  experiment  demonstrates  that  the  kidneys  is 
involved  in  the  production  of  hypertension^  it  does  not  necessar¬ 
ily?-  fol3„ow  tha,t  it  is  entirely  responsible.  It  is  fair  to  state 
that  the  kidneys  appears  to  initiate  the  chain,  of  events  that 
leads  to  the  production  of  hyp^erte'nsion  in  coarctation  of  the 
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aorta.  Once  established^  it  is  not  necessarily  irreversible^ 
lor  transplant  of  the  kidney  to  a  site  where  its  circulation 
is  normally  maintained  apparently  stops  the  secretion  of  pressor 
substance  So  VIhether  this  vrill  occur  if  the  hypertension  has  been 
of  long  duration  remains  to  be  investigated. 

Coarctation  of  the  aorta  appears  to  affect  renal  circulation 
in  the  same  manner  as  a  Goldblatt  clamp.  The  manner  in  which 
renal  circulation  is  affected  is  as  yet_j  an  unsolved  problem. 

Compare  the  vascular  dynamics  of  the  kidney  above  the  coarct¬ 
ation  with  that  of  the  kidney  below  the  coarctation  (Table  IV,  Col, 
(7}),  They  are  both  in  a  h^rpertensive  environm-ent »  All  pressures 
in  both  zones  are  increased.  The  least  increase  is  the  systolic 
pressure  distal  to  the  coarctation  (F,S,},  but  even  it  is  elevated, 
IJhy  is  the  abdominal  kidney  secreting  pressor  substances? 

Page  (3S)  (39)  and  his  associated,  used  a  kidney  perfusion 
technique,  delivering  ox;^’’genated  blood  through  the  renal  artery 
under  varying  systolic,  diastolic  and  piuLse  pressures.  They 
demonstrated  increased  liberation  of  renin  from  the  kidneys 
in  the  renal  venous  blood  by  addition  of  renin-activator 
and  perfusion  of  the  mi:/-±ure  through  isolated  organs.  They 
concluded  that  the  reduction  of  pulse  pressure  is  the  stimulus 
eliciting  the  out-pouring  of  renin.  In  our  experiments 
(Table  V)  the  average  pulse  pressure  in  the  distal  zone  vxas 
redi-iced  to  less  than  half  by  the  coarctation.  However,  in  one 
large  animal,  it  was  not  reduced  (#36),  and  in  another  {fr33)  ^ 
only  reduced  by  one  third.  This  theory,  then,  is  not  entirely 
adequate. 
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TABLE  V 


SU1;MARY  of  pulse  PI^SSUHL  DLTEPJ:iNATIOiYS  OF 


TEN  "GOMPLaTLii)”  LOGS 


Dog  Niimber 

Average  Femoral 
Pulse  Pressure 
Before  Coarctation 

Average  Femorcsl 

Pulse  Pressure 

Follovdng  Coarctation 

11 

20 

F 

29 

45 

7 

25 

35 

9 

ae 

35 

6 

32 

25 

11 

S3 

40 

26 

35 

40 

17 

36 

40 

43 

43 

35 

IB 

44 

45 

20 

Average  in 

36 

16 

10  dogs 
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There  is,  of  course,  a  difference  in  the  dyneniics  of  the 
tv70  areas,  although  we  cannot  define  it.  In  human  cases  of 
long  duration  the  atheromatous  degeneration  in  the  great  vessels 
pro:^d.mal  to  the  coarctation  is  much  more  marked  than  in  the 
distal  zone.  As  pointed  out  by  Willis  (AO),  h7pert.ension  is 
onlj  one  of  the  etiological  factors  in  the  production  of 
atherosclerosis , 

In  our  experiment  the  reduction  in  pressures  is  not  due 
to  operative  shock,  or  blood  loss*  Of  the  three  operative 
procedures,  namely,  coarctation,  kidney  transplant,  and  neph¬ 
rectomy,  only  the  last  is  followed  by  a  reduction  in  pressure. 

It  is  by  far  the  least  traumatizing  procedure, 

x\lthough  a  mechanical  explanation  for  the  hypertension 
of  coarctation  seems  reasonable  at  first  glance,  further  thought 
should  make  one  skeptical.  It  is  unreasonable  to  preswie  that 
the  body  could  not  compensate  for  this  obstruction  by  the 
development  of  collaterals.  On  biological  grounds  it  is  most 
unlikely  that  such  an  obstruction  wo^uld  result  in  m.ore  than 
a  temporary  hjp?ertension  in  the  proximal  zone.  All  of  the  ex¬ 
perimental  work  supporting  the  mechanical  theory  has  been  done 
as  acute  experiments,  the  duration  of  the  aortic  obstruction 
being  a  matter  of  minutes  or  hours.  We  duplicated  these  ex¬ 
periments  during  the  production  of  coarctation  by  recording 
the  carotid  and  femoral  pressures  during  the  operative  pro¬ 
cedure.  tJhen  the  Potts  clamps  were  applied  to  the  aorta,  the 
•femoral  pressure  dropped  to  nearly  zero.  After  the  Incite  tube 
was  tied  into  the  aorta,  and  the  clamps  removed,  pressures 
returned  to  normal  in  a  few  minutes,  except  for  a  reduction 
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in  the  femoral  systolic,  (dampening  of  the  pulse  wavejo  Yet 
the  aorta  ifas  sufficiently  obstructed  by  the  tube  that  a  slowly 
developing  hypertension,  which  reached  200  mm»  of  Hg,  (carotid 
systolic),  developed  in  three  weeks  timeo  Had  the  hypertension 
developed  on  a  mechanical  basis  in  this  series  of  dogs,  it 
would  have  been  maximal  immediately  following  the  coarctation 
procedure,  and  then  fallen  as  collaterals  developed. 

Resection  of  the  coarctation  in  young  clinical  cases  is 
more  quickly  and  frequently  followed  by  a  return  to  normal 
pressures  than  in  the  adult  cases,  v/here  pressures  often  remain 
hypertensive.  Yet,  in  all  these  the  obstructing  lesion  has  been 
removed.  In  no  instance  do  they  return  promptly  to  normal. 

It  has  been  said  that  in  the  older  cases  the  failure  is  due  to 
arteriosclerosis.  It  is  more  likely  that  the  mechanism  is  no 
longer  primarily  renal^  In  our  dogs  it  took  many  days  (20  to 
60)  for  the  hj’pertension  to  develop,  yet  pressures  return  to 
normal  ifithin  four  days  following  contralateral  nephrecton^^ 

This  occurred  in  spite  of  the  fact  that  the  aorta  was  still  mech¬ 
anically  obstructed  by  the  lucite  tube.  We  are  unable  to  explain 
the  slow  onset  and  rapid  disappearance  of  the  hypertension  in 
our  series. 

The  proponents  of  the  mechanical  theory  invariably  quote 
the  case  (41)  of  a  girl  ^.^.th  coarctation  of  the  aorta  below 
the  renal  vessels,  and  associated  hypertension.  Apparently, 
this  is  the  only  case  of  this  type  in  the  literature.  She 
undoubtedly  had  hypertension  and  coarctation  below  the  renal 
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arteries.  The  occlusion  was  immediately  below  the  renal  arteries, 
and  judging  from  the  picture  of  the  specimen  the  aorta  begins 
to  narrovf  proximal  to  the  origins  of  the  renal  vessels.  There 
were  multiple  atheromatous  plaques  in  the  aorta  proximal  to  the 
stenosis,  and  it  was  thought  that  these  might  have  given  rise 
to  emboli.  The  appearance  of  the  kidneys  grossly  and  micro¬ 
scopically  is  not  noted,  Tvjo  possibilities  come  to  mind  in 
this  case.  The  renal  vessels  may  have  been  part. i ally  obstructed 
by  the  hypoplastic  aorta.  Her  hypertension  might  have  been  due 
to  nephritis  or  some  cause  unrelated  to  the  coarctation,  Scott 
and  Bahnson  (31)  transplanted  two  kidneys  to  the  groin  in  their 
series,  and  then  removed  the  other  kidney.  Pressures  remained 
hypertensive . 

There  are  many  unanswered  questions  in  this  clinical 
condition,  and  in  this  experiment.  i#iat  change  in  haemo¬ 
dynamics  stimulates  the  kidney  to  produce  pressor  substances? 
Studies  of  renal  blood  flow  and  filtration  rates  in  humans 
have  been  conflicting. 

Genest  (42)  found  a  diminution  in  renal  blood  flow  pre- 
operative  ly,  as  did  Friedman  (43)  ^  "who  also  foimd  a  normal 
filtration  rate.  He  attributed  the  normal  filtration  rate  to 
an  efferent  arteriolar  constriction.  Post  operatively,  most 
of  the  patients  showed  an  increase  in  renal  blood  flow. 

Karris,  (44)  while  confirming  the  pre-operative  findings, 
stated  that  the  increased  renal  blood  flow  post-operatively 
was  only  temporary,  and  returned  to  pre-operative  levels  in 
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two  to  four  months.  None  of  the  investigators  were  able  to 
establish  a  parallel  relationship  between  systemic  blood 
pressures  and  renal  blood  flow„ 

They  did  fail  to  demonstrate  any  evidence  of  marked  im¬ 
pairment  of  renal  artery  flow.  If  there  is  a  renal  mechanism 
in  the  hype  intension  of  coarctation  of  the  aorta  it  is  not  due 
to  renal  "ischaemia”.  The  changes  that  occur  in  renal  flow 
are  far  more  subtle  than  this.  A  repetition  of  these  studies 
in  experimental  animals  might  be  illuminating. 

Studies  of  peripheral  resistance  have  also  been  carried 
out  in  clinical  cases  of  coarctation  of  the  aorta.  An  increase 
in  peripheral  resistance  has  been  demonstrated  in  essential 
hypertension  and  in  experimental  renal  hypertension, 

Poiseuille’s  Law  (L5)  states  in  part,  that  resistance  is 
proportional  to  the  pressure  and  inversely  proportional  to  the 
flow.  In  the  upper  extremities  normal  blood  flov/  has  been 
found  by  Pickering  (46),  Le^^^is  (47)  and  ¥akim  (4^);  decreased 
flovr  by  Printzmetal  and  Wilson  (49)5  and  increased  flow  by 
Bing  (50).  This  diversity  of  results  is  probably  due  to  the 
difficulty  in  accurately  determining  peripheral  blood  flow. 

It  remains  that  there  is  no  reliable  evidence  of  any  change 
in  blood  flow  in  the  upper  extremities.  If  it  is  normal, 
peripheral  resistance  is  certainly  increased,  as  the  pressures 
are  hypertensive. 

Blood  flow  in  the  areas  distal  to  the  aortic  coarctation 
has  also  been  investigated.  Lewis  (47)  found  them.  norm.al,  as 
did  Wakim  (4B),  using  the  venous  occlusion  plethysmo graph. 
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Lewis  points  out  that  intermittent  claudication  is  rarely  a 
coirplaint  of  these  patients^  and  believes  that  this  is  evidence 
in  favor  of  normal  leg  flow.  Bing  (50) >  however,  found  leg 
flow  decreased,  and  Hull  (5l)  believes  that  many  of  these 
patients  have  clinical  evidence  of  decreased  blood  flow, 
such  as  cold  feet,  nLunbness,  and  skin  pallor* 

It  is  fair  to  state  that  studies  of  peripheral  resistance 
in  patients  have  been  inconclusive.  The  weight  of  evidence 
points,  however,  to  a  generalized  increase  in  peripheral  re¬ 
sistance  in  human  coarctation  of  the  aorta.  This  is  in  favour 
of  a  non-mechanical  ei^planation  for  the  hypertension. 

Other  approaches  to  the  problem  might  include  determinations 
of  the  Renin  content  of  the  systemic  blood,  or  of  the  renal  vein, 
or  the  use  of  cross  circulation  techniques  to  establish  the 
presence  of  pressor  substances  in  the  hypertensive  dogs. 

The  effect  of  adrenalectomy  should  be  studied* 
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SmiMARY 

lo  Experimental  coarctation  of  the  aorta  with  hypertension 
has  been  produced  in  a  series  of  dogs  which  resembles  clinical 
coarctation. 

2.  Although  the  precise  mechanism  leading  to  the  production 
of  the  hypertension  is  still  to  be  determined,  it  is  initiated 
by  a  renal  mechanism* 

3.  A  mechanical  explanation  for  the  hypertension  in  this 
condition  is  inadequate. 
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